The ice phase in clouds contributes largely to uncertainties in global climate models partly due to a lack of atmospheric observations. At moderate supercooling ice nucleating particles (INP) and ice particles (IP) are present in small concentrations and a large volume of air is necessary for observation. Here, we report on initial observations of IP in supercooled fog with a new setup. We use a 0.3 m wide, vertical curtain of light and a camera pointing perpendicularly at it to record light scattered by IP formed in radiation fog near the ground at temperatures between -3 °C and -9 °C.
Introduction
The latest report of the Intergovernmental Panel on Climate Change (IPCC) states that clouds and aerosols are still the most important contributors to uncertainties in estimates and interpretations of the change in the Earth's energy balance (Boucher et al., 2014) . Despite considerable progress in the understanding of different ice nucleation processes, the ice phase in clouds still contributes to large uncertainties in the prediction of radiative forcing with climate models (Boose, 2016, III) . According to estimates, more than 50% of global precipitation forms in ice containing clouds (Field & Heymsfield, 2015; Mülmenstädt et al., 2015) . Ice formation above -35 °C requires ice nucleating particles (INP), aerosols of natural or anthropogenic origin. Depending on temperature range and vapour saturation, mineral particles (e.g. soil dust), soot, marine aerosols, and biological particles such as pollen, plant residues, bacteria, and fungal spores are active as INP (Murray et al., 2012) . INP concentrations higher than 1000-10'000 m -3 can be found in the atmosphere only below -15 °C where mineral particles are very active as ice nucleators (DeMott & Prenni, 2010) . At temperatures above -10 °C only biological INP, whose concentrations have been estimated to be <0.1 to 90 m -3 at -10 °C, are active (DeMott & Prenni, 2010) . However, the number of IP in clouds frequently exceeds that of INP (Field et al., 2016) . The small number concentrations of IP and INP active at moderate supercooling make investigating this issue in clouds extremely challenging.
Fog is a cloud touching the ground and therefore is easily accessible for on-site measurements. In mountain areas atmospheric inversions are common especially in winter. In the closed La Brévine valley in the Swiss Jura mountains for instance, the specific topography leads to a strong sheltering effect, and inversions due to radiative cooling are frequent. At night the valley floor and the air near the ground quickly lose heat while the topography prevents mixing of warmer air from above. As atmospheric stability increases, the developing cold air pool is decoupled from wind flows from outside the valley and vertical mixing is prevented (Vitasse et al., 2016) . The strongest inversion observed by Vitasse et al. (2016) 
Methods

Site description
The La Brévine valley is a narrow, closed valley in the Jura Mountains in Switzerland, ranging from 1033 to 1308 m a.s.l (Figure 1 ). The slopes of the valley are mainly covered by evergreen forests whereas the valley floor is mostly used as meadows for mowing or pasture. The local MeteoSchweiz weather station in La Brévine holds the record of the coldest temperature ever measured in Switzerland: -41.8 °C in January 1987. Temperatures below -20°C are common in winter and the Vallée de la Brévine is therefore nicknamed "Siberia of Switzerland" (Vitasse et al., 2016) . For our measurements, we chose a location on the valley bottom (46°57'55.58"N, 6°33'49.84"E, 1042 m a.s.l.). Ice particles forming in the fog become visible through the light they scatter when passing through the light curtain (Yagi, 1970) . They leave white traces on an other- 
Observations of IP and INP
Results
The deposition rate of IP was estimated from the number of IP n(IP) counted during the total exposure time t ( 
With ℎ being the height of the parallelogram. We assume the settling velocity of IP to be 0.1 m s -1 (Yagi, 1970 (Vitasse et al., 2016) . Assuming the coldest temperatures measured at 1 m above ground to extend to 10 m above ground is a conservative assumption in our context. In an inversion the temperature at 10 m above ground is higher than the temperature at 1 m above ground. The discrepancy between IP and INP would even be larger if the actual temperature profile was available and taken into account, because the number of INP activated decreases exponentially with increasing temperature (Petters & Wright, 2015) . There are several processes that might explain the discrepancy we observed in radiation fog: at room temperature showed the same ice nucleation activity after 30 years (Schnell, 2009 ). Deactivation can probably explain only a minor part of the observed difference. Mason (1971) states that most INP active at > -12 °C are too small to be detected by conventional sampling techniques but are still able to initiate IP formation. Pruppacher & Klett (1997) reckon that the discrepancy between INP-and IPconcentrations could be substantially lowered or even eliminated with adequate instrumentation. However, the quartz-fibre filters used in our study are very efficient in sampling even nanoparticles (Tsai et al., 2012) . Hence, underestimation is an unlikely explanation of our observation.
Underestimation of INP due to deactivation on filters
Underestimation of INP due to detection limits
Ice multiplication
As the Hallet-Mossop process prevails only with graupel particles (Field et al., 2016) it can be ruled out as a possible ice multiplication process during our observations in a shallow layer of radiation fog. However, the shattering of freezing water droplets, as described by Pander (2015) and Field et al. (2016) , is not dependent on the occurrence of graupel particles (Pander, 2015) . At -6 °C Takahashi 
Other processes
The influence of hoar frost and blowing snow, which seems to have been important during observations on the Jungfraujoch (Farrington et al., 2016; Lloyd et al., 2015) , can be ruled out during our observations due to the very strong inversion and the prevailing low wind velocities during observation.
If the temperature of INP was much lower than that of the surrounding air because of radiative cooling of the suspended particles, activated INP number concentrations might have been underestimated by assuming INP activation at air temperature (Mukund et al., 2014) .
As INP are not suspended in the air but settling, they can enter the radiative fog layer from above, even though during strong inversions the gas exchange between the very stable nocturnal boundary layer and the air above is extremely small (Xia et al., 2011) . During an observation period of 60 min, a PM 10 -particle with a settling velocity of 0.005 m s -1 (Heldstab et al., 2003) Several processes possibly taking place at the same time might explain the observed discrepancy between IP and INP deposition rates (Figure 3) . It seems very unlikely that one process alone should be able to do so. We assume that a combination of the trend to underestimate INP concentrations measured on filters, the fragmentation of freezing water droplets, and INP deposited from above the fog may explain the observed discrepancy between IP and INP. Aerosols being colder than the surrounding air due to radiative cooling (Mukund et al., 2014 ) might have some influence as well.
Conclusion
There are large uncertainties regarding the relation between INP and IP in clouds.
With an unusual approach we managed to quantify IP deposition rates in a temperature range where measured data is rare (>-10 °C). Radiation fog constitutes an easily accessible form of a supercooled cloud, in which observations can be made for long enough to quantify the deposition rate of rare IP produced in a natural environment. The corresponding strong inversion provides a system that is relatively closed compared to other low or mid-level clouds. Still, entrainment from above can not be neglected.
